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Description
Background of the Invention

The invention relates generally to the fabrication
of structures from fiber-reinforced composite mate-
rials, and, more particularly, to a method and an
apparatus that utilize a fiuid bearing to consolidate or
lay such materials. Such methods are known from
US-A-4402778.

In recent years the use of fiber-reinforced resin
composites has increased considerably, particularly
in aerospace structures where high strengthto-weight
characteristics are extremely desirable. Various
methods have been devised to form laminated struc-
tures using composite materials in the form of sheets
or tapes of woven or aligned fibers in a resin matrix.
In those methods that use sheet goods as the working
material, the laminated structures are formed by
stacking or laying up a plurality of plies, with the ply
direction and number of plies determined on the basis
of the intended use of the resultant structure. In other
processes, composite tapes are laid side by side by
hand or by automuted tape-laying machines in first
one direction and then in another direction to form
multiple layers having cross-oriented fibers.

After a layup is formed in one of these manners,
itis placed inside an autoclave or a press and subjec-
ted to heat and pressure. In the case of thermosetting
materials, the heat causes the resin to cure ; whereas,
in the case of thermoplastic materials, the heat raises
the resin above its melt temperature. The structures
produced in this manner are inheretly costly because
of the manual handling of the material and the length
of time required for the autoclave to cycle.

As aresult of these difficulties, efforts have more
recently focused upon developing cost-effective
methods to process composites having thermoplastic
or thermosetting resins. Thermoplastic materials are
particularly desirable since they need only be heated
to their melt temperature (and not cured) and can be
repeatedly softened and solidified. Because of these
characteristics, it is possible to form sheet stock, or
preconsolidated multipleply laminates, which are sub-
sequently formed or machined into the final product or
part. Several proposals have been made to utilize
point contact, such as via belts, pressure rollers, or
shoes, to provide the pressure needed for consoli-
dation. The US patent No. 4402778 for instance,
teaches the use of spaced apart continuously rotating
belts between which the laminate is passed. Accord-
ing to the teachings of this patent, the belts are
pressed towards each other, and pressure is applied
to the laminate in between, by bodies of pressurized
air formed in plenum chambers facing the interiorly
presented surfaces of the moving belts. To supply the
necessary heat, suggestions have bee made to heat
the material just before entering the pressure area or
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heat the material while in the pressure area via the
use of a heated roller or hot shoe. There are a number
of disadvantages with these approaches. First, fric-
tional loads are undesirably applied to the material as
it moves relative to the rollers, belts, or shoes. Sec-
ondly, itis difficult to precisely control the speed of the
material through the pressure area in relation to the
melting cycle so that the material properly solidifies
under a uniform pressure before leaving the pressure
area. Thirdly, with ultimate contact between the
machine and material, problems of buildup and
release can occur.

Summary of the Invention

In accordance with the invention, a method in
accordance with claim 10 and an apparatus in accord-
ance with claim 1 for consolidating composite mate-
rials and for laying tape are provided. The inventive
techniques are based upon the use of a pressurized
plenum chamber of a fluid bearing to provide the
requisite pressure for consolidating or laying the com-
posite material. A thin supporting cushion of press-
urized fluid holds the fluid bearing out of physical
contact with the material to be consolidated, so that
pressure can be applied in a frictionless manner as
the bearing and material are moved relative to one
another. Since the fluid bearing is flexible and floats
relative to the material to be consolidated, ply drop-
offs and other surface irregularities are easily accom-
modated.

in accordance with an additional aspect of the
invention, the material may be heated while the press-
ure in the plenum chamber is being applied. Ina pre-
ferred embodiment, the heating is accomplished by
focusing radiant energy onto the material. Since the
material itself is caused to be heated with radiation,
the surrounding atmosphere in the plenum chamber
remains relatively cool. Thus, as the material moves
beyond the area of focused energy into the cooler
areas of the plenum chamber, it is able fo solidify while
still under a uniform pressure. Consequently, lami-
nates produced in this manner are less likely to
include voids or other faults, which cause delami-
nation.

According to one method of this invention, plies of
the composite material to be consolidated are stacked
on a working surface. A fluid bearing is inflated and
the plenum chamber thereof pressurized with fiuid. A
load is applied to the fiuid bearing to develop a pre-
determined pressure in the plenum chamber. The
chamber is then positioned in superposed relation to
the plies and the work surface so that the pressure in
the plenum chamber is applied to the plies. It will be
appreciated that this method is well suited for debulk-
ing, or pressing together, multiple plies of composite
material preparatory to subsequent processing steps.

An apparatus for consolidating materials accord-
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ing to the invention includes a fluid bearing having a
flexible inflatable cushion that forms a plenum cham-
ber when inflated. Means are included for inflating the
cushion and pressurizing the plenum chamber with
fluid to cause the fiuid bearing to float in proximate
relationship to a work surface and the material the-
reon to be consolidated. The apparatus further
includes means for applying a load to the fluid bearing
so that the requisite pressure needed to consolidate
the material is developed in the plenum chamber. The
apparatus also includes means for positioning the
fluid bearing so that the plenum chamber is super-
posed relative to the material and the work surface to
apply the pressure in the plenum chamber to the ma-
terial. Finally, heating means are included for heating
the material while the pressure present in the plenum
chamber is applied thereto. In accordance with further
aspects of the invention, the positioning means may
include drive means for providing relative motion bet-
ween the fluid bearing and the material so that the ma-
terial moves relative to the plenum chamber.

As will be readily appreciated, the invention pro-
vides an arrangement that overcomes the above-des-
cribed problems associated with prior methods of
consolidating composite materials. More specifically,
the invention enables the application of both heat and
pressure to a composite material without physically
contacting that material. Moreover, the freedom of
movement resulting from the floating nature of the
fluid bearing and the flexibility of the bearing itself
combine to enable the consolidation of staggered ply
thicknesses and imegularly contoured surfaces.
Moreover, the use of focused radiant heating within
the plenum chamber enables the material to be
cooled while still subjected to the pressure within the
plenum.

Brief Description of the Drawings

The foregoing aspects of the invention and many
of its attendant advantages can be more readily
understood by the following portion of the speci-
fication taken in conjunction with the accompanying
drawings in which :

FIGURE 1 is a pictorial diagram illustrating one
form of apparatus for consolidating composite mate-
rials in accordance with the invention ;

FIGURE 2 is a side elevation view in partial sec-
tion of another form of composite consolidation
machine according to the invention ;

FIGURE 3 is an exploded isometric bottom view
of the fluid bearing head assembly of the machine of
FIGURE 2;

FIGURE 4.is an isometric bottom view of the fluid
bearing head assembly of FIGURE 3 ;

FIGURE § is a partial sectional view taken along
line 5-5 of FIGURE 2 ;

FIGURE 6 is a pictorial side elevation view, in
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section, illustrating a form of a consolidating machine
according to the invention that utlizes a pair of
opposed fluid bearings ;

FIGURE 7 schematically illustrates an automated
version of the consolidation machine of FIGURE 6 ;
and

FIGURE 8 schematically illustrates still another
form of consolidation machine that employs a static
weight.

Detailed Description of the Preferred Embodiment

In the past, a variety of fluid bearings or casters
have been developed to establish and maintain a thin
film of pressurized fiuid, such as air, between a load
and an operating surface over which the load is to be
moved. Since the thin fluid film lifts the load from the
surface and provides a frictionless bearing, the load
may be easily moved in any direction with minimal
force. Such fluid bearings are frequently used to move
heavy load-bearing pallets over a factory floor.

Afluid bearing that is frequently used in load-sup-
porting application has an inflatable, fiexible cushion
in the shape of a torus. The flexible cushion is moun-
ted in sealed engagement with the bottom surface of
a load-carrying platform so that the central opening of
the torus defines,in conjunction with the bottom sur-
face and with an adjacent operating surface, a press-
urizable plenum chamber. Fluid under pressure is
introduced into the bearing, initially inflating the cush-
ion through a series of openings provided in the upper
surface thereof. As the cushion becomes more
inflated and assumes a more rounded configuration,
the pressurized fluid also enters the plenum chamber.
When the force of the pressure within the plenum
chamber exceeds the total load on the bearing, the
entire bearing is lifted from the surface on a thin fluid
film. As long as fluid under pressure is continuously
supplied, the fluid film bearing is maintained, allowing
frictionless motion between the device and the oppos-
ing surface.

The present invention utilizes both the friction-
free characteristics of a fiuid bearing and the availabi-
lity of a uniform pressure within the plenum chamber
to consolidate composite materials in a unique man-
ner that completely eliminates physical contact bet-
ween parts of the machine and the material being
consolidated. This can be better understood with
reference to FIGURE 1, which, in simplified pictorial
form, illustrates the flexible cushion 10 of a fluid bear-
ing in its inflated condition in superposed relation to a
working surface 12 of a tool 14 and material 16 the-
reon to be consolidated. Pressurized fluid introduced
through a fluid inlet 18 divides to inflate the cushion
10, via apertures 22, and to pressurize the plenum
chamber 20 of the bearing. When the bearing reaches
its steady operating state, a uniform pressure is
applied over the circular area bounded by an imagi-
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nary seal line 24 that passes through the bearing area
of the fluid film. To develop a predetermined, desired
amount of pressure within the plenum chamber, a
load indicated by the arrows 26 is applied to the fluid
bearing in a manner that will be described in greater
detail hereinafter. As the load is increased, the press-
ure within the plenum chamber 20 increases by a cor-
responding amount so as to apply resistive forces that
maintain the bearing in its floating condition. Thus, by
varying the load applied to the bearing, the pressure
applied to the material can be easily controlled.

In accordance with an important aspect of the
invention, the load is applied in such amanner that the
fluid cushion 10 retains its ability to float relative to the
material 16, i.e., toward and away from the material
and the work surface. For example, for the planar
working surface 12 suggested by FIGURE 1, the flexi-
ble cushion moves along an axis that is normal to the
working surface. This freedom of movement advan-
tageously enables the accommodation of different
materials having different thicknesses for separate
operations and, during a given operation, materials
that have a changing thickness, such as, for example,
multilayer composite materials having a plurality of
"ply dropoffs,” "pad-ups," or other irregular surfaces.
The flexibility of the cushion 10 also confributes to the
ability of the apparatus to accommodate variations in
the contour or cross-sectional thickness of the mate-
rials being consolidated. As will be explained in more
detail hereinafter, it is contemplated that machines
constructed in accordance with the invention may
include means for providing relative movement bet-
ween the flexible cushion 10 and the too! 14 so that
there is relative movement between the material 16
and the pressurized plenum chamber 20. With such
an arrangement, the portion of the flexible cushion
that first encounters a changing cross section will
deform slightly because of its flexibility. Thereafter, as
the plenum chamber becomes positioned over the
changing contour, the entire fluid bearing will move
either toward or away from the material to "climb over”
or "descend" the changing contour.

The foregoing arrangement of components can
be used to configure apparatuses for a number of
applications. While uses involving fiber resin compo-
site materials are of particular interest, the invention
is not so limited. In general, the inventive method and
apparatus can be used wherever it is desired to press
one or more layers of material against a work surface
or to unite or press together several separate layers
to form a compact mass. The term "consolidate” is
used herein to broadly describe these various man-
ners of pressing, pressing together, or uniting mate-
rials. A nonexclusive list of applications include
consolidating, de-bulking, or curing cross-ply or mul-
ti-ply laminates, and laying composite tapes. The nat-
ure of the end result, i.e., the resultant consolidated
product will depend upon the materials used and the
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process conditions, i.e., the pressure applied, the
heat, if any, applied, and the respective quantities
thereof.

For pressing together materials that do not
require heating or for some composite tape-laying
applications, the techniques described so far can be
used to form consolidating machines or tape-laying
heads. It will be readily appreciated that various sizes,
shapes, and configurations can be provided for the
flexible cushion 10 and the work surface with which it
cooperates. For example, in tape-laying applications,
the fluid bearing and torus can be dimensioned com-
plementary to the dimensions of available composite
tapes and used in conjunction with conventional com-
ponents of such apparatus, such as a gantry, tape
supply, backing take-up rollers, and associated heat-
ing devices, if necessary, to impart tackiness to the
resinous matrix. Cushions having large diameters can
be used in conjunction with flat work surfaces to form
continuous sheets of material, while cushions having
a curved, lower surface contour canbe used in con-
junction with tools having curved work surfaces to
form parts with curvature, such as wings and other
aerospace structures having airfoil surfaces.

in forming most composite laminates, it is neces-
sary to heat the material to tackify or cure the resin in
the case of thermosets or to melt the resin in the case
of themmoplastics. In accordance with an additional
aspect of the invention, means are included for apply-
ing heat to the material while it is under pressure.
When working with composite materials, it has been
found particularly advantageous to use radiant heat-
ing means to imadiate the material with radiant
energy. In FIGURE 1, this is schematically illustrated
by the three lamps 30, which are shown suspended
in the upper central portion of the pilenum chamber 20.
Quartz or tungsten halogen photoflood lamps have
been used quite successfully in consolidating ther-
moplastic materials with a prototype machine con-
structed in accordance with the invention. A preferred
alternative is to use infrared lamps to avoid unneces-
sarily heating the fluid within the plenum chamber. It
is also preferable to provide means for focusing the
radiation so that there is only localized heating of the
material, e.g., heating only a central zone or area
within the plenum chamber. Mounting the lamps
within a reflective chamber is one suitable arrange-
ment. It will be recognized that other sources of
radiant energy (such as lasers) or other means of
localized heating can be employed. The selection of
a different source of radiant energy may require use
of a different focusing means. For example, with a
laser source a iens arangement may be desirable.

In recent years, inductive bonding heads that can
heat composite materials with fluctuating magnetic
fields have been developed and preduced on a limited
scale. These devices have produced satisfactory
results in consolidating composites but, however,
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because of their low power are capable of doing so
only in relatively narrow strips. As this technology
matures, it is believed that improved inductive bond-
ing heads will be developed that can be used with
excellent results in conjunction with the invention, par-
ticularly because of the “pure” localized nature of the
heating that they produce.

The advantage of using radiant or other localized
heating with the present invention is that it avoids the
unnecessary and undesirable heating of the sur-
rounding fluid within the plenum chamber and, as
well, avoids heating of the inflatable cushion 10. Sev-
eral favorable results follow from these advantages.
First, since cooler temperatures exist in the outer por-
tions of the plenum chamber, the material being con-
solidated is able to cool and solidify within the plenum
chamber while under a uniform pressure. In addition,
since the use of localized heating avoids heating the
cushion, the cushion can be constructed from the
flexible materials that are used conventionally to fab-
ricate fluid bearings used for load-carrying purposes.
The advantages attendant to the flexibility of the cush-
ion will be recalled from the discussion above.

It is anticipated that the invention will find con-
siderable use in consolidating multi-ply laminates
such as stacks of individual plies having unidirectional
or woven fibers. Where a large number of plies are to
be consolidated, it may be necessary to position
shims 28 adjacent the stack of plies (material 16 in
FIGURE 1) to provide a reasonably level surface for
the inflatable cushion 10. Since most fiber resin com-
posite materials are porous prior to consolidation,
they will not resist fluid pressure. As a consequence,
it may be necessary to interpose a nonporous press-
ure diaphragm 32 between the inflatable cushion 10
and the material 16. This nonporous diaphragm
enables pressurization of the plenum chamber and
transfer of the pressure therein to the material 16. In
those embodiments that utilize a source of radiant
energy to heat the material, the pressure diaphragm
must be substantially transparent to the wavelength of
the emitted radiation. For infrared or other radiant
lamps, the pressure diaphragm 32 can be a thin film,
such as polyimide "bagging” film of the type now used
in conventional autoclave composite processes.

For ease of understanding, like numerals have
been utilized to identify those major components in
the FIGURES 2 through 5 embodiment that have cor-
respondence in FIGURE 1. Referring first to FIG-
URES 3 and 4, a fluid bearing head assembly
includes the inflatable, flexible cushion 10 mounted
on the lower surface of a backing plate 42. The back-
ing plate, in turn, is mounted to the underside of a sup-
port platform 44. A pair of lamps 30 are mounted
within a focusing chamber 48 formed within the sup-
port platform 44. The upper surface 52 of the focusing
chamber (see FIGURE 5)is curved arid reflective to
direct and focus the radiant energy emitted by the
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lamps 30. A spacer ring 46 is mounted to the support
platform 44 and extends through an opening 50 pro-
vided in the center of the backing plate 42. As seen
best in FIGURE 4, when the fiexible cushion is in its
deflated condition, the spacer ring 46 protrudes
beyond the outermost extent of the cushion to provide
a support for the head assembly 40 in the manner of
the centrally located landing pads of conventional
fluid bearings. With additional reference now to FIG-
URE 2, the fluid bearing head assembly 40 is moun-
ted to a frame 54 by four guide pins 56. The guide pins
are rigidly connected to the support platform 44 and
slidably received in bushings (not shown) on the sup-
port platform so that the entire head assembly 40 is
free to move upwards and downwards in a vertical
direction.

The material 16 to be consolidated is positioned
upon the upper surface of a conventional slide table
58. The table and the items disposed thereon move
along an axis in the direction of the view of FIGURE
2 while the frame, and, hence, the head assembly 40
remain stationary. Pressurized fluid from a source 60
is introduced through the fluid inlet 18 into the hollow
interior of the inflatable cushion 10 and into the
plenum chamber 20. Where the lamps 30 are of a type
that generates significant heat, it is possible that the
air within the plenum chamber 20 will be elevated to
a temperature such that the material being consoli-
dated will not sufficiently solidify before leaving the
plenum area. To prevent this and to increase the
longevity of the lamps, itis desirable in such situations
to include means for regulating the temperature inside
the plenum chamber and means for cooling the lamps
and their associated sockets and electrical connec-
tions. An effective solution is to divert a portion of the
incoming pressurized fluid through an auxiliary chan-
nel 62 that opens into the chamber 48 that contains
the lamps. Although not shown in FIGURE 2, a valve
can be included to control the amount of fluid flowing
through the auxiliary channel 62 and thus, the degree
of cooling. In the working prototype illustrated in FIG-
URE 2, the cooling fluid is allowed to bleed in a con-
trolled manner through a conduit 64 that camries the
wiring 66 from an electrical source 68 that energizes
the lamps. In this arrangement, fiuid flow is metered
by a valve (not shown) that connects the electrical
conduit 64 to atmosphere at a position adjacent a plug
70, which seals the wiring and the exterior opening of
the conduit 64. It is to be appreciated that the cooling
of the plenum chamber and the electrical components
may be accomplished in a variety of ways. For
example, additional auxiliary channels and valves
can be included to controllably introduce an exhaust
cooling fluid into and out of the plenum chamber and
around the electrical components. Where it is antici-
pated that high temperatures will be developed within
the plenum chamber, it is desirable to configure the
cooling arragement so that the heat that is developed
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within the chamber is not exhausted outwardly under
the inflatable cushion 10 but, rather, through an
auxiliary channel. Such an amrangement avoids the
problem of overheating the inflatable cushion.

It is preferable to also include means for monitor-
ing both the temperature and the pressure within the
plenum chamber 20. It will be readily appreciated that
various forms of conventional temperature-measur-
ing devices, such as thermocouples, and pressure
sensors can be included in the fluid bearing head
assembly to accomplish these monitoring functions. it
will also be recognized that such sensors can be inte-
grated into a control system or systems that regulate
the pressure and temperature within the plenum.

Four hydraulic cylinders 72 (two of which are
shown in FIGURE 2) are mounted to the frame so that
the actuating rods 74 thereof bear against the support
platform 44 of the head assembly 40. A controlled
amount of pressurized fluid from a source 76 is intro-
duced into the hydraulic cylinders 72 to apply a pre-
determined load to the head assembly 40 and thereby
establish and maintain the desired level of consoli-
dation pressure within the plenum chamber 20. It will
be understood that other amrangements can be
utilized to apply the load to the fluid bearing. The
selection of a particular alternative arangement will
be guided by the preferred criteria that the assembly
on which the fluid cushion is mounted be allowed to
float relative to the material being consolidated to
accommodate materials having various thicknesses,
surface irregularities, and the like.

FIGURE 8 pictorially illustrates one loading
arrangement that is particularly inexpensive to fabri-
cate and operate. A static, or stationary, weight 78 is
mounted to a fluid bearing assembly 80 on a side
thereof opposite the inflatable cushion 82. A drive sys-
tem comprising pulleys 84, cable 86, and motor 88 is
intended to demonstrate that the use of a static weight
as the loading mechanism permits significant simpli-
fication of the machinery needed to position, drive,
and guide the consolidation machine relative to the
material 90 being processed. Since the pressurized
fluid cushion upon which the assembly floats is
always maintained, there is no need to include com-
plicated machinery to regulate the spacing between
the consolidation machine and the table 92 that sup-
ports the material 90. In addition, no separate system
(such as the hydraulic system of FIGURE 2) is needed
to establish the desired level of pressure in the
plenum chamber. If a variable load capability is
required, it can be easily provided through the use of
multiple weights that can be added and removed as
needed or through the use of a reservoir that can be
filled as needed with a liquid to provide the requisite
welght.

FIGURE 6 illustrates a modified consolidating
apparatus that employs a pair of opposed fluid bear-
ing assemblies to apply heat and pressure to opposite
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sides of the material to be consolidated. Each of the
two head assemblies 100 is identical to the fluid bear-
ing head assembly 40 of FIGURE 2, having an inflat-
able, flexible cushion 102 and a lamp 104 mounted
within a reflective chamber 106. Pressurized fluid
from a source not shown is introduced through each
of the inlets 108 to inflate the cushion 102, pressurize
the plenum chamber 110 formed by the cushion, and
to regulate the temperature within the plenum cham-
ber and cool the lamp. Suitable means (not shown)
such as those used in the FIGURE 2 embodiment
position the head assemblies 100 in opposed relation
and apply loads 112 thereto. In constructing a
machine according to this embodiment, relative
motion between the material being consolidated and
the plenum chambers 110 can be effected either by
maintaining the head assemblies 100 stationary and
passing the material therethrough or by maintainig the
material stationary and moving the head assemblies
in synchronism thereover. As illustrated in FIGURE 6,
shims 116 and transparent pressure diaphragms 118
may be used where necessary because of the thick-
ness or porous nature of the material 114.

FIGURE 7 schematically illustrates a continuous
process corsolidation machine in accordance with the
embodiment of FIGURE 6. The incoming material, for
example, a stack of plies, is supported by a table 120
and continuous belt 122. Since it is assumed that the
material is porous, the necessary pressure diaphragm
is provided in the form of film that is transparent to the
radiant energy emitted by the lamps 104 of the head
assemblies 100. For each side of the material, the film
is dispensed from a roll 124 and stretched and applied
to the material by an expandable slat roll 126. These
slatrolls are of the type used in the textile industry that
have a plurality of cam-operated boards disposed
about aroller. At the outlet end of the machine, the film
130 passes around a drive roll 128 and onto a film
takeup roll 132. Further details of the machine, such
as the means for applying the loads 112 and the man-
ner of inflating the cushions 102 will be readily under-
stood from the previous discussion.

From the foregoing, it will be appreciated that the
invention provides a means for consolidating mate-
rials by applying either pressure alone, or pressure in
conjunction with heat, without requiring that any
machine component come into intimate physical con-
tact with the materials. This minimizes frictional forces
being applied to the materials and obviates the prob-
lems of resin buildup and release characteristic of
prior processing methods. Unlike previous arrange-
ments that cannot adapt to variations in material thick-
ness because of fixed spacing between belts or
rollers, the present invention utilizes a fluid bearing
head assembly that is free to float up over large lami-
nate thickness changes. The use of a flexible fluid
cushion also enables the apparatus to follow or con-
form to changing thicknesses or surface contours.
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Finally, the use of focused radiant heating or other
localized heating within the pressurized area allows
the material to solidify under a uniform pressure and,
thus, eliminates the problem of delamination.

While preferred embodiments of the invention
have been described, it will be understood by those
skilled in the art that various changes can be made
therein without daparting from the spirit and scope of
the invention. For example, the cushion may have
other than a torus configuration, and may be varied in
size and configuration to provide smaller or larger
pressure areas or to conform to curved working sur-
faces. In addition, while air is a principal choice for the
pressurized fluid, it is possible to utilize other fluids,
such as an inert gas. These modifications as well as
others are intended to fall within the scope of the fol-
lowing claims.

Claims

1. Apparatus for consolidating materials on a
work surface, comprising :

at least one fluid bearing having a flexible, inflat-
able cushion (10), said cushion (10) forming a plenum
chamber (20) when infiated ;

means (18, 60) for inflating said cushion (10) and
pressurizing said plenum chamber (20) with fluid to
float said fluid bearing in proximate relationship to a
work surface (12) and material (16) to be consolidated
thereon ;

means (40, 72, 74, 76) for applying a load (26) to
said fluid bearing so as to develop a predetermined
pressure in said plenum chamber (20) ;

positioning means (54, 56) for positioning said
fluid bearing so that said plenum chamber (20) is
superposed relative to said material (16) and said
work surface (12) to apply the pressure in said plenum
chamber (20) to said material (16) ; and

heating means (30, 48) for heating said material
(16) while the pressure in said plenum chamber (20)
is applied thereto.

2. The apparatus of Claim 1, wherein said posi-
tioning means includes drive means (84, 86, 88) for
providing relative motion between said fiuid bearing
and said material (16) to move said material (16) rela-
tive to said plenum chamber (20).

3. The apparatus of any one of claims 1-2, whe-
rein said heating means (30, 48) comprises radiant
heating means (30) for irradiating said material (16)
with radiant energy.

4. The apparatus of Claim 3, wherein said radiant
heating means (30) comprises a source of infrared
radiation and means (48) for focusing infrared radi-
ation from said source onto said material (16).

5. The apparatus of any one of claims 1-2, whe-
rein said heating means (30, 48) comprises inductive
heating means for inductively heating said material
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(16).

6. The apparatus of any one of claims 1-5, whe-
rein said work surface (12) has a curved contour and
wherein the cushion (10) of said fluid bearing is con-
figured complementary to the curved contour of said
work surface (12).

7. The apparatus of any one of claims 1-6, whe-
rein said cushion (10) comprises a torus mounted on
a surface of a rigid support (42, 44), said torus having
an open centre that cooperates with said surface of
the rigid support (42, 44) and an opposing surface to
form a plenum (20) when said torus is inflated, said
rigid support (42, 44) having a chamber (46) that
opens into the centre of said torus, and said heating
means (30, 48) comprises a source of radiant energy
(30) mounted in said chamber (46) so as to direct
radiant energy through the open centre of said torus
and onto a work surface (12) and material (16) posi-
tioned there below.

8. The apparatus of any one of claims 1-7, com-
prising first and second fluid bearings, said fluid bear-
ings being disposed in a pose, facing relation fo one
another so that the respective inflatable cushions
(102) and plenum chambers (110) thereof are dis-
posed proximate one another to form an opening
there between for receiving the material (114) to be
consolidated, and said material (114) is supported in
said opening by said fluid bearings.

9. The apparatus of any one of claims 1-7, whe-
rein said load applying means comprises a static
weight (78) mounted on the fluid bearing on a surface
thereof that lies opposite the surface on which said
cushion (10) is mounted.

10. A method for consolidating composite mate-
rials, comprising the steps of :

stacking at least two plies of composite material
(16) on a work surface (12) ;

inflating a fluid bearing and pressurizing a plenum
chamber (20) thereof with fluid ;

applying a load (26) to said fluid bearing to
develop a predetermined pressure in said plenum
chamber (20) ; and

positioning said plenum chamber (20) in super-
posed relation to said plies (16) and said work surface
(12) to apply the pressure in said plenum chamber
(20) to said plies.

11. The method of claim 10, wherein said compo-
site material (16) comprises composite tape.

12. The method of any one of claims 10-11, whe-
rein said pressurized plenum chamber (20) is moved
over said plies (16).

Anspriiche
1. Einrichtung zum Konsolidieren von Materialien

auf einer Arbeitsoberflache, umfassend :
wenigstens ein Fluidlager, das ein flexibles, auf-
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blasbares Kissen (10) hat, wobei das Kissen (10) eine
Plenumkammer (20) ausbildet, wenn es aufgeblasen
ist;

eine Einrichtung (18, 60) zum Aufblasen des Kis-
sens (10) und zum Unterdrucksetzen der Plenum-
kammer (20) mit Fiuid, so daB das Fluidlager in
néachster Beziehung zu einer Arbeitsoberflache (12)
und Material (16), das darauf konsolidiert werden soll,
zum Schwimmen gebracht wird ;

eine Einrichtung (40, 72, 74, 76) zum Anwenden
einer Last (26) auf das Fluidlager, so daB ein vorbe-
stimmter Druck in der Plenumkammer (20) entwickelt
wird ;

eine Positionierungseinrichtung (54, 56) zum
Positionieren des Fluidlagers so, daR die Plenum-
kammer (20) relativ zu dem Material (16) und der
Arbeitsoberflache Gberlagert wird, um den Druck in
der Plenumkammer (20) auf das Material (16) anzu-
wenden ; und

eine Erhitzungseinrichtung (30, 48) zum Erhitzen
des Materials (16), wahrend der Druck in der Plenum-
kammer (20) darauf angewandt wird.

2. Einrichtung nach Anspruch 1, worin die Posi-
tionierungseinrichtung eine Antriebseinrichtung (84,
86, 88) zum Vorsehen einer Relativbewegung zwi-
schen dem Fluidlager und dem Material (16) aufweist,
um das Material (16) relativ zu der Plenumkammer
(20) zu bewegen.

3. Einrichtung nach irgendeinem der Anspriiche
1 bis 2, worin die Erhitzungseinrichtung (30, 48) eine
Strahlungserhitzungseinrichtung (30) zum Bestrah-
len des Materials (16) mit Strahlungsenergie umfafit.

4. Einrichtung nach Anspruch 3, worin die Strah-
lungserhitzungseinrichtung (30) eine Infrarotstrah-
lungsquelle und eine Einrichtung (48) zum
Fokussieren der Infrarotstrahlung von der Quelle auf
das Material (16) umfaRt.

5. Einrichtung nach irgendeinem der Anspriiche
1 bis 2, worin die Erhitzungseinrichtung (30, 48) eine
Induktiverhitzungseinrichtung zum induktiven Erhit-
zen des Materials (16) umfafit.

6. Einrichtung nach irgendeinem der Anspriiche
1 bis 5, worin die Arbeitsoberfliche (12) eine
gekrimmte Kontur hat, und worin das Kissen (10) des
Fluidlagers komplementar zu der gekrimmten Kontur
der Arbeitsoberflache (12) konfiguriert ist.

7. Einrichtung nach irgendeinem der Anspriiche
1 bis 6, worin das Kissen (10) einen Torus umfaRt, der
auf einer Oberflache eines starren Tragers (42, 44)
angebracht ist, wobei der Torus eine offene Mitte hat,
die mit der Oberflache des starren Trégers (42, 44)
und einer gegeniiberliegenden Oberfliche zum Aus-
bilden eines Plenums (20) zusammenwirkt, wenn der
Torus aufgeblasen wird, wobei der stamre Trager (42,
44) eine Kammer (46) hat, die sich in die Mitte des
Torus &ffnet, und wobei die Erhitzungseinrichtung
(30, 48) eine Strahlungsenergiequelle (30) umfaft,
die in der Kammer (46) so montiert ist, daR sie Strah-
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lungsenergie durch die offene Mitte des Torus und auf
eine Arbeitsoberflache (12) und Material (16), die dar-
unter positioniert sind, richtet.

8. Einrichtung nach irgendeinem der Anspriiche
1 bis 7, umfassend ein erstes und zweites Fluidlager,
wobei die Fluidlager in einer engen, gegeniiberliegen-
den Beziehung zueinander angeordnet sind, so daf
die jeweiligen aufblasbaren Kissen (102) und Ple-
numkammern (110) derselben einander benachbart
angeordnet sind, um dazwischen eine Offnung im
Aufnehmen des zu konsolidierenden Materials (114)
zu bilden, und wobei das Material (114) in der Offnung
durch die Fluidlager gehalten wird.

9. Einrichtung nach irgendeinem der Anspriiche
1 bis 7, worin die lastanwendende Einrichtung ein sta-
tisches Gewicht (78) umfaRt, das auf dem Fluidlager
auf einer Oberflache desselben montiert ist, die ent-
gegengesetzt zu der Oberfléache liegt, auf welcher das
Kissen (10) aufstellt.

10. Verfahren zum Konsolidieren von Verbund-
materialien, umfassend die Schritte des :

Stapelns von wenigestens zwei Lagen von Ver-
bundmaterial (16) auf einer Arbeitsoberfiiche (12) ;

Aufblasens eines Fluidlagers und Unterdruckset-
zens einer Plenumkammer (20) desselben mit Fluid ;

Anwendens einer Last (26) auf das Fluidlager,
um einen vorbestimmten Druck in der Plenumkammer
(20) zu entwikkeln ; und

Positionierens der Plenumkammer (20) in Giberla-
gerter Bezishung zu den Lagen (16) und der Arbeits-
oberflache (12), um den Druck in der Plenumkammer
(20) auf die Lagen anzuwenden.

11. Verfahren nach Anspruch 10, worin das Ver-
bundmaterial (16) Verbundband umfaft.

12, Verfahren nach irgendeinem der Anspriiche
10 bis 11, worin die unter Druck gesetzte Plenumkam-
mer (20) Gber den Lagen (16) bewegt wird.

Revendications

1. Appareil de consolidation de matériaux surune
surface de travail, comprenant :

au moins un palier fluide ayant un coussin souple
gonflable (10), le coussin (10) formant une chambre
sous pression (20) lorsqu'il est gonfié,

un dispositif (18, 60) de gonflage du coussin (10)
etde mise sous pression de la chambre sous pression
(20) par le fluide afin que le palier flotte & proximité
d'une surface de travail (12) et du matériau (18) &
consolider porté par cette surface,

un dispositif (40, 72, 74, 76) destiné & appliquer
une force (26) au palier fluide afin qu'une pression
prédéterminée soit créée dans la chambre sous pres-
sion (20),

un dispositif (54, 56) de positionnement du palier
fluide afin que la chambre sous pression (20) soit
superposée au matériau (16) et & la surface de travail
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(12) et permette I'application de la pression de la
chambre sous pression (20) au matériau (16), et

un dispositif (30, 48) de chauffage du matériau
(16) lorsque la pression régnant dans la chambre
sous pression (20) lui est appliquée.

2. Appareil selon la revendication 1, dans lequel
le dispositif de positionnement comporte un dispositif
d'entrainement (84, 86, 88) destiné & assurer le dépla-
cement relatif du palier fluide et du matériau (16) afin
que le matériau (16) soit déplacé par rapport & la
chambre sous pression (20).

3. Appareil selon 'une des revendications 1 et 2,
dans lequel le dispositif de chauffage (30, 48) est un
dispositif de chauffage par rayonnement (30) destiné
2 irradier le matériau (16) d'énergie rayonnante.

4. Appareil selon la revendication 3, dans lequel
le dispositif de chauffage par rayonnement (30)
comprend une source d'un rayonnement infrarouge,
et un dispositif (48) destiné a focaliser le rayonnement
infrarouge de la source sur le matériau (16).

5. Appareil selon I'une quelconque des revendi-
cations 1 et 2, dans lequel le dispositif de chauffage
(30, 48) comporte un dispositif de chauffage par
induction du matériau (16).

6. Appareil selon I'une quelconque des revendi-
cations 1 & 5, dans lequel la surface de travail (12) a
un profil courbe, et dans lequel le coussin (10) du
palier fluide a une configuration complémentaire du
profil courbe de la surface de travail (12).

7. Appareil selon I'une quelconque des revendi-
cations 1 4 6, dans lequel le coussin (10) est un tore
monté sur une surface d’un support rigide (42, 44), e
tore ayant un centre ouvert qui coopére avec la sur-
face de supportrigide (42, 44) et une surface opposée
3 la formation d'une chambre sous vide (20) lorsque
le tore est gonflé, le support rigide (42, 44) ayant une
chambre (46) qui débouche au centre du tore, et le
dispositif de chauffage (30, 48) est une source d’éner-
gie rayonnante (30) montée dans la chambre (46) afin
qu’elle dirige "énergie rayonnante par le centre libre
du tore et sur une surface de travail (12) et un maté-
riau (16) placé sur elle.

8. Appareil selon I'une quelconque des revendi-
cations 1 & 7, comprenant un premier et un second
palier fluide, les paliers fluides étant disposés en face
I'un de I'autre afin que les coussins gonflables respec-
tifs (102) et les chambres respectives sous pression
(110) soient placés & proximité et forment entre eux
une ouverture destinée au passage du matériau (114)
qui doit &tre consolidé et le matériau (114) est sup-
porté dans I'ouverture par les paliers fluides.

9. Appareil selon I'une quelconque des revendi-
cations 1 & 7, dans lequel le dispositif d’application
d’'une force est un poids statique (78) monté sur le
palier fluide, sur une surface de celui-ci qui est oppo-
sée 2 la surface surlaquelle estmonté le coussin (10).

10. Procédé de consolidation de matériau
composite, comprenant les étapes suivantes :
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'empilement d’au moins deux nappes d'un maté-
riau composite (16) sur une surface de travail (12),

le gonflage d’un palier fiuide et la mise sous pres-
sion d’'une chambre sous pression (20) du palier &
I'aide d'un fluide,

I'application d’une force (26) au palier fluide afin
qu'une pression prédéterminée soit créée dans la
chambre sous pression (20), et

le positionnement de la chambre sous pression
(20) afin qu'elle soit superposée aux nappes (16) et
2 la surface de travail (12) et applique la pression de
la chambre sous pression (20) aux nappes.

11. Procédé selon la revendication 10, dans
lequel le matériau composite (16) comporte un ruban
composite.

12. Procédé selon I'une quelconque des revendi-
cations 10 et 11, dans lequel la chambre sous pres-
sion (20) est déplacée au-dessus des nappes (16).
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